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1] 1 . REFERENCE TO RELATED APPLICATIONS jq -j jqq 

[0002] This application is the National Stage of International Application No. 
PCT/WO/02/49980, filed December 4, 2001, which claims priority to Genman 
Application DE 100 63739.6 filed December 21, 2000, the disclosures of which are 
hereby incorporated by reference in their entirety. 

[0003] 2. TECHNICAL FIELD 

[0004] The Invention relates to a substrate with at least one self-cleaning surface, 
the substrate is preferably a glass, ceramic, plastic or metal substrate, or a glazed or 
enamelled coated substrate. The self-cleaning surface located on the substrate Is 
based on a coating located on the substrate, the coating forming a structure, and the 
surface structure configured to have elevations and depressions. Further, the surface is 
at least partly hydrophobic. The invention also relates to a composition for the 
production of a substrate with at least one self-cleaning surface, and to a process for 
the production of the same. The process includes coating the substrate with the 
abovementioned composition or coating. The invention also relates to various uses of a 
substrate having a self-cleaning surface. 
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[0005] 3. DESCRIPTION OF RELATED ART 

[0006] To achieve both a good self-cleaning effect on a surface having a good 
level of hydrophobicity there must be a micro rough surface structure on the surface of a 
substrate. Both features (micro rough and hydrophobicity) are realized in nature, for 
example, in the lotus leaf. The surface of the lotus leaf has a hydrophobic material and 
pyramid shaped elevations that are a few ^m from one pyramid tip to another pyramid 
tip. Drops of water substantially contact only with the tips or peaks of the pyramids so 
that the contact area of water to surface is minuscule relative to the water drops 
contacting a micro smooth surface. The reduced surface area results in a very low 
adhesion between the water drops and the micro rough surface. The relationship of 
micro rough surfaces and hydrophobicity, and the applicability of the "lotus effect" on 
surfaces, is taught by A.A. Abramzon, Khimia i Zhizu (1 982), no. 11, 38 40. 
[0007] Without reference to the LOTUS EFFECT^, U.S. Patent No. 3,354,022 
discloses water repellent surfaces having a micro rough structure with elevations and 
depressions and a hydrophobic material. In particular, a fluorine containing polymer is 
disclosed as the hydrophobic material. According to one embodiment, a surface with a 
self-cieaning effect can be applied to ceramic brick or glass by coating the substrate 
with a suspension comprising glass beads and a fluorocarbon wax. Jhe beads have a 
diameter in the range from 3 to 12 ^m. The fluorocarbon wax is a fluoroalkyi 
ethoxymethacrylate polymer. Unfortunately, such coatings have a disadvantageously 
low abrasion resistance and only a moderate self-cleaning effect. 
[0008] European Patent No. EP 0 909 747 A1 discloses a process for producing 
a self-cleaning property of a surface. The method relates particularly to the surface of 
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roof tiles. The surface has hydrophobic elevations having a height of 5 to 200 \in\. 
Such a surface is produced by application of a dispersion of powder particles of an inert 
material In a slloxane solution, and subsequent curing the slloxane solution to form a 
polysiloxane. Unfortunately, the structure forming particles are not well fixed to the 
surface of the substrate in an abrasion stable manner and thus the abrasion resistance 
Is undesirably low. 

[0009] European Patent No. EP 0 772 514 discloses a self-cleaning surface for 
objects with a synthetic surface structure having elevations and depressions. The 
distance between the elevations is in the range of from 5 to 200 jum, and the height of 
the elevations is in the range from 5 to 100 inm. The structure includes hydrophobic 
polymers, or materials that have been hydrophobized in a stable manner. Etching, 
embossing, and coating processes are suitable to fonn the structure. If necessary, the 
formation of the stnjcture can be followed by a hydrophobization step, for example a 
silanization process. 

[0010] Structured surfaces with hydrophobic properties are disclosed in European 
Patent No. EP 0 933 388 A2. The surfaces have elevations with an average height of 
50 nm to 10 \irr\ and an average separation of between 50 nanometers (nm) to 10 
micrometers (^tm), and a surface energy of the non structured material of 10 to 20 
micronewtons per meter (mN/m). To achieve a particularly low surface energy, and 
thus hydrophobic and oleophobic properties, the structured surface includes fluorine 
containing polymers or has been treated using alkylfluorosilanes. 
[0011] German (DE) Patent Application 100 16 485.4 discloses glass, ceramic 
and metal substrates having a self-cleaning surface. The surface has a structured and 
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at least partly hydrophobized coating. The coating includes a glass flux and structure 
forming particles with an average particle diameter in the range from 0.1 micrometers 
(|im) to 50 micrometers (|im). The glass flux and structure forming particles are present 
in a volume ratio in the range from 0.1 to 5. The micro rough surface stmcture has a 
ratio of average profile height to average distance between adjacent profile peaks in the 
range from 0.3 to 10. The self-cleaning surface has a higher abrasion resistance 
relative to the self-cleaning surfaces of roof tiles disclosed hereinabove. 



ceramic, plastic, metal and/or glazed or enamelled substrate, with a self-cleaning 
surface. The self-cleaning surface preferably has a low roll off angle or high contact 
angle (and therefore a good self-cleaning effect), and is also transparent. The self- 
cleaning surface preferably has a very high contact angle with respect to water, 
preferably a contact angle of about/above 150°. 

[0013] Subjecting the substrate to a hydrophobating process according to the 
present invention preferably does not reduce the transparency of a transparent 
substrate, such as glass or plastic. Additionally, a decorated surface subjected to a 
hydrophobating process according to the present Invention, where the decoration is 
under the self-cleaning surface, is preferably clearly detectable by an observer of the 
surface. Glass, ceramic, and metal substrates, or glazed or enamelled substrates, 
preferably have a higher abrasion resistance relative to known hydrophobic substrates, 



SUMMARY OF THE INVENTION 



[0012] 



The present invention provides a substrate, and preferably a glass, 
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in particular with reference to a stnjctured surface tliat is made of an organic polymer, 
or that includes structure-forming particles bonded using an organic polymeric material. 
Additionally, the substrates with the self-cleaning surface according to the invention are 
preferably formed using a simple process. A preferred process Is similar to processes 
used in the glass and ceramics industry or metal processing industry for decorating 
surfaces. These and further objects such as are deduced from the further description 
do not have to be achieved together in all the embodiments. 



substrate. The substrate is preferably glass, ceramic, plastic or metal, or is a glazed or 
enamelled coated substrate, and has a self-cleaning or hydrophobic coating arranged 
thereon. The coating includes particles that form a surface structure on the coating 
opposite the coating side that contacts the substrate. The coating is at least partly 
superficially hydrophobic. The structure fonming particles preferably have an average 
diameter of less than 100 nanometers (nm). 

[0015] Substrates according to the invention, having a "nanoscale" structured 
surface and a superficially hydrophobic coating thereon, have an outstanding self- 
cleaning effect when the structure-forming particles have an average diameter of less 
than 100 nanometers (nm). A preferred particle diameter Is preferably in the range from 
5 nm to 50 nm. 



DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 



[0014] 



The present invention provides a self-cleaning or hydrophobic coated 
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[0016] The term "average diameter" as used herein Is the diameter of primary 
particles, and is not the diameter of agglomerates. In general, at least 90 % and 
preferably about 100 % of the primary particles have a diameter of less than 100 nm 
and particularly preferably less than 50 nm. The term "nanoscale" means that the 
structure has considerably lower profile heights and distances between profile peaks 
than surfaces with stmcture fomriing particles in the micrometer range (i.e., 
"microscale"). 

[0017] The structure forming particles can be either organic or inorganic 
substances. Examples of suitable inorganic structure forming particles are: metal 
oxides, mixed oxides, silicates, sulfates, phosphates, borates, metal sulfides, 
oxosulfides, selenides and suifoselenides, metal nitrides and oxide nitrides and metal 
powders. Examples of suitable organic structure forming particles are: carbon blacks, 
nanoscale organic polymeric particles, and nanoscale organic polymeric particles 
containing fluorine. Structure forming particles having a particle diameter according to 
the invention are commercially available, otherwise the particles can be obtained by 
precipitation processes which are known, for example, by pyrogenic processes, and by 
gaseous starting substances that are converted into pulverulent substances. 
[0018] The structure fomiing particles are preferably metal oxides selected from 
the series consisting of silica (Si02), titanium dioxide (Ti02), aluminium oxide {AI2O3), 
zirconium dioxide (ZrOz) and tin dioxide (Sn02). These oxides are preferably 
pyrogenically prepared oxides, and among these silica is most prefen^ed. Pyrogenic 
silica with an average primary particle size in the range from about 7 nm to 40 nm is 
commercially available. 
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[0019] As disclosed hereinabove, the self-cleaning substrate surface according to 
the Invention Includes a coating or layer forming nnaterlal. And, the coating can be an 
Inorganic or organic material. The coating can be a homogeneous layer over the 
structure fonning particles where the primary particles and/or agglomerates are fixed to 
the substrate surface, or the particles are incorporated into the coating, which affixes 
the particles to the substrate surface (that Is. the coating Is the particles" binder). Some 
of the primary particles and/or agglomerates thereof project at least partly out of the 
coating surface to form elevations and depressions, which, in addition to the 
hydrophoblzation coating, are responsible for the self-cleaning effect according to the 
Invention. 

[0020] A preferred coating includes an inorganic material, preferably a vitreous 
inorganic material. The coating Is formed by a ceramic firing process perfonned on one 
or more glass frits or glass forming raw materials. That is, glass frit is used that has a 
melt point that Is lower relative to the substrate and the structure fonming particles. That 
is, the glass frit has a melting point below that of the structure forming particles and 
below the defonmation temperature of the substrate to be coated. 
[0021] During the firing, the temperature is increased to above the melt point of 
the glass frit, but below the melt point of the substrate and the structure forming 
particles. The vitreous material melts and flows to enclose the structure forming 
particles and affix the particles to the surface of the substrate. Some of the particles 
project away from the surface out of the molten glass frit. The glass frit cools to harden 
and bind the structure forming particles to the substrate surface. 
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[0022] Rather than glass frit, alternatively the vitreous material is a glass-forming 
material that forms vitreous bonds with constituents of the substrate and/or some of the 
structure forming particles during a firing process. In particular, low melting oxidic or 
sufficiently reactive raw materials can be so used. The vitreous bonds are structural 
elements of the general formula Me-O-Me', wherein Me and Me' are generally metals 
and can be identical or different from each other. Me and Me' are selected from the 
group consisting of boron, silicon, phosphorus, aluminium, titanium, tin, zirconium and 
other metals suitable as a substrate. 

[0023] An example of a material which contains Me-O-Me* structural elements 
and in which the stmcture fonning particles are embedded is a system obtained during 
a firing of a coating glass or a vitreous or enamelled substrate with a composition 
comprising boric acid and/or an alkali metal phosphate and structure forming particles. 
The boric acid and/or the phosphate form a chemical bond to reactive groups of the 
glass substrate or the glazing/enamel layer and may also bond with the stmcture 
forming particles during the firing. 

[0024] Altematively, coating materials with Me-O-Me' structural elements include 
systems formed from organometallic compounds of the elements boron, silicon, 
aluminium, titanium and zirconium, where the system has at least two hydrolysable 
groups available for alcoholysis/hydrolysis with a subsequent condensation reaction, 
and an optional subsequent firing. 

[0025] In another embodiment, a coating having a surface structure according to 
the invention includes structure forming particles with an average diameter of less than 
100 nm, and preferably in the range from about 5 nm to less than about 50 nm, and a 
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layer forming inorganic or organic material in a weight ratio in the range from 100 : 1 to 
1 : 2, in particular 20 : 1 to 1 : 1 . While a ratio outside the above parameters is possible, 
it is believed that the content of layer forming material would be too low, and would 
possibly be inadequate to affix the structure forming particles to the substrate. If there 
is too much layer forming material, it is believed that the self-cleaning effect would 
decrease because the structure forming particles would be sunk too low in the layer 
forming material, and would not protrude sufficiently to create the desired elevations 
and depressions. 

[0026] A preferred substrate has a coating that Includes structure forming 
particles and a coating formed of a layer fonming inorganic material. The coating can 
further include adhesion promoters or compounds formed from auxiliary substances 
present and/or precursors of the layer forming material during the production of the 
coating. The coating production process can include a heat treatment step, which may 
be necessary for firing. 

[0027] In order to impart to the structured surface the necessary hydrophobic 
properties, and thus create the desired high contact angle and/or low roll off angle, a 
hydrophobic layer is disposed on the structured substrate surface or layer. For 
example, a suitable hydrophobic layer can be obtained by silanization. In particular, a 
desirable contact angle is above about 150°. and a desirable low roll off angle is below 
about 1°. The phrase "self-cleaning" is generally synonymous with a contact angle or a 
low roll off angle in the above-described preferred range. 

[0028] In another embodiment according to the invention, a microscale over 
structure forming a micro rough surface is formed on a substrate surface. A nanoscale 
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rough surface is then formed onto the mlcroscale over structure, and the surface is then 
hydrophobized. The over structure forms elevations and depressions in a regular or 
stochastic (random) distribution over the self-cleaning surface of the substrate. "Micro 
rough" is preferably a height of the profile peaks in a range from 0.1 micrometers (^m) 
to 50 jim and a distance between the profile peaks in a range from 0.1 micrometers 
(urn) to 50 fim, and preferably a height and distance in a range of 0.5 ^m to 15 |xm. 
[0029] Substrates according to the Invention having a nanoscale structure over a 
microscale structure can have either one or two structure forming coatings on the 
substrate. In a single coating, the nanoscale and microscale particles are distributed in 
the same coating. In a two coating system, there is a first coating with microscale 
particles that is applied to the substrate, and subsequently a second coating with 
nanoscale particles is applied to the substrate having the microscale particles already 
affixed thereto. 

[0030] With further reference to the hydrophobic coating according to the 
invention, the coating itself may not have inherent hydrophobic properties, for example 
when the coating is used as a binder for the structure forming particles rather than a 
hydrophobic overcoat. If the coating is not inherently hydrophobic, the hydrophobicity is 
effected by applying a hydrophobizing substance to the structured surface. Suitable 
hydrophobizing substances include organosilanes, and in particular fluorine containing 
organosilanes. If the coating, acting as a binder, is a vitreous material, then using 
organosilanes having a hydrophobizing action can form Si-O-SI structural elements. As 
a result, the hydrophobizing substance is fixed firmly to the structured substrate via the 
Sl-O-Si bonds to form a penmanent self-cleaning property. 
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[0031] The present invention relates to compositions suitable to for use in fomriing 
self-cleaning surfaces, and to processes for the production of substrates having self- 
cleaning surfaces using the compositions. 

[0032] The compositions for the production of a self-cleaning substrate surface 
according to the invention are preferably mixtures that include: structure fonning 
particles and a coating or layer material. The particles preferably have an average 
particle diameter of less than 100 nm, and more preferably the particles have an 
average particle diameter in the range from 5 nm to less than 50 nm. As mentioned 
above, the particle diameter is that of the primary particles and the diameter of at least 
90 %, and preferably substantially all of the particles, is preferably less than 100 nm, 
and more preferably less than 50 nm. 

[0033] The coating, before application, can be in a particulate or liquid form. The 
coating or layer forming material can be an organic or inorganic material. The term 
"layer forming material" is a material that, in the context of application to the substrate 
by either a physical or a chemical route, is capable of forming a generally homogeneous 
layer and of fixing the structure forming particles in the layer or/and onto the substrate. 
[0034] If the layer forming material is an organic polymeric material, or polymeric 
precursors, it is preferably in the form of a solution of an organic or aqueous solvent or 
solvent mixture or in the form of an organic or aqueous suspension. The applied 
coating or homogeneous layer is achieved by evaporation of the solvent, and then, 
during a subsequent heat treatment, by the fusing together of themioplastic particles or 
by a condensation reaction, poiycondensation reaction, or polyaddition reaction. 
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[0035] If the layer forming material is an inorganic material, suitable layer forming 
inorganic materials include glass frits and oxidic raw materials (that is, glass precursors) 
which are capable of glass formation with other substances, such as, for example, boric 
acid (B2O3), bismuth oxide (61203), alkali metal and alkaline earth metal oxides, zinc 
oxide and lead oxide as well as alkali metal silicates, and phosphates and borates. 
Most of the glass forming substances in the composition are in particulate fomri. Alkali 
metal oxides and alkali metal silicates in the composition are in the form of an aqueous 
alkali solution, or are in the form of water glass (sodium silicate solution). 
[0036] Alternatively, the layer forming material includes an organometallic 
compound of one or more of the elements boron, silicon, aluminium, titanium and 
zirconium as the layer forming material. The organometallic compound preferably 
contains alkoxy groups, acetyl groups or acetylacetonate group, so that Me-O-Me' 
structural elements are formed by a condensation reaction. The Me and Me' can be the 
same or different from each other and represent the elements mentioned. If a 
pulverulent composition is used, the pulverulent compositions can be applied to the 
substrate by dusting or by electrostatic coating. 

[0037] The composition that preferably includes the structure forming particles 
and the coating or layer forming material in a weight ratio of about 100 : 1 to about 1 : 2. 
Preferably, the weight ratio is in a range of from about 20 : 1 to about 1:1. 
[0038] In addition to the layer forming materials and the structure forming 
particles, the composition according to the invention can also include a liquid medium. 
The consistency a composition that includes a liquid medium can be in a wide range of 
viscosities. For example, if the composition Is applied by spraying or dipping, a 
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considerably lower viscosity is established. But, if a conventional printing process is 
used to apply the composition a relatively higher viscosity can be used. For example, If 
a printing process, for example a screen-printing process, is used, the consistency of 
the composition is preferably paste-like. 

[0039] The liquid medium can be an organic or organic aqueous or aqueous 
medium, which can comprise processing auxiliaries, such as agents to adjust the 
viscosity, in addition to obligatory components. 

[0040] A particulariy preferred composition suitable for the formation of a 
structured surface of a glass, ceramic or metal substrate, or a glazed or enamelled 
substrate include (as the layer forming material) one or more glass frits as the main 
component. The softening point of the glass frits being sufficiently below the 
deformation temperature of the substrate. If the composition preferably further includes 
a raw material capable of glass formation (that is, a glass precursor). The raw material 
is selected based on the ability of the raw material to undergo chemical bonding under 
conventional firing conditions with itself, with structural elements of the substrate, and/or 
with structural elements of the nanoscale particles. For example, boric acid and alkali 
metal phosphates are particularly suitable layer forming materials or precursors thereof. 
[0041] A preferred method according to the invention of firmly adhering to a glass 
structured surface includes using a liquid composition, or a paste-like composition, that 
includes boric acid or an alkali metal dihydrogen phosphate as the layer fomning 
material, or a precursor thereof, and a pyrogenic oxide as the structure forming material. 
Subsequent to the formation of the structured surface, the surface is hydrophobized 
with an organosilane, preferably a fluorine containing organosilanes. The method 
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results in a surface having particularly good self-cleaning properties. That is, the 
contact angle of a glass coated by this method is above 150°. 

[0042] With further reference to the coating or layer fonming material, the surface 
of the micro rough layer is at least partly hydrophobized, and preferably at least the 
peaks and elevations are hydrophobized. Preferably, however, the entire surface is 
hydrophobized. The hydrophobization Includes the application of a very thin coating, 
which adheres firmly to the underlying surface. The thin coating has, for example, of a 
thickness of 1 nm to 10 nm. The adhesion is preferably caused by the coating 
composition's film formation after application. Preferred hydrophobizing agents 
chemically bond to the substrate to form, for example, an Si-O-SI bridge. Such bridges 
result from the reaction of a silanol group of a silicatic material of the structured coating 
with an alkoxysilane or alkoxysiloxane. An exemplary preferred substrate with a self- 
cleaning surface according to the invention has a coating only a few atom layers thick. 
The coating is based on an alkyltrialkoxysilane, and preferably a longer chain 
fluoroalkyltrialkoxysilane, or an oligomer thereof 

[0043] The substrates according to the invention with a self-cleaning surface can 
be produced by a process that includes the following steps: 

[0044] 1. coating of a surface of the substrate with a composition, the 
composition including structure forming particles and an inorganic or organic layer 
forming material, the composition is pulveailent or, preferably, has a liquid to paste-like 
consistency, 
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[0045] 2. forming a cohesive layer tliat fixes the structure forming particles and 
adheres the stnjcture forming particles firmly to the substrate to form a structured 
surface; and 

[0046] 3. hydrophoblzing the structured surface with a hydrophoblzing agent, 
preferably an organosilane, which adheres firmly to the structured surface, or forms a 
chemical bond thereto. 

[0047] A particular feature of the process is the use of structure forming 
nanoscale particles with an average diameter of less than 100 nm, preferably less than 
50 nm, but at least 5 nm. The profile heights of the elevations are less than 100 nm, 
and preferably less than 50 nm. If microscale particles in the range that form an 
over structure are present, then the nanoscale particles are arranged on the microscale 
particles. 

[0048] A conventional coating process type composition includes the structure 
forming particles and the layer forming material and is applied by conventional coating 
processes. A pulverulent coating type composition is applied to the substrate surface 
by dusting the substrate or by electrostatic coating. A printing coating type composition 
preferably has a liquid to paste-like composition and is preferably applied to the 
substrate surface by spraying, bmshing, pouring, dipping or by another conventional 
printing process, such as a screen printing or a dabber transfer printing process. 
[0049] The "formation of a cohesive layer which adheres firmly to the substrate 
and fixes the structure forming particles" can vary based on the substrate to be coated 
and by the coating composition and type. A cohesive layer can be produced by 
passing a coated substrate to a heat treatment if the composition includes an organic 
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polymeric material that is either pulverulent or suspended in a liquid medium. The 
solvent, if present, evaporates, and polymer particles fuse together. Or, in the case of 
multi component systems, precursors react to form a polymeric material that binds the 
structure forming particles to the substrate surface. 

[0050] Some compositions according to the invention can be converted into a 
cohesive stmctured layer by a heat treatment or a firing process. The proviso Is that the 
substrate must be able to withstand the heat treatment or firing process. Suitable 
substrates include glass, ceramic, or metal substrates or glazed or enamelled 
substrates. The compositions that can so convert include glass frit or constituents that 
are capable of glass formation with the substrate surface and/or the particles. 
[0051] During the firing process, the glass frit melts to form a homogeneous 
molten layer. The composition that is capable of glass fomriation, undergoes a chemical 
reaction with reactive groups of the substrate and/or the structure forming particles to 
form a vitreous structure having structural elements of the formula Me-O-Me'. The 
glass frits and/or constituents capable of glass formation contained in the composition 
are selected such that the heat treatment is perfomned at a temperature below the 
defomiation temperature of the substrate. In the coating of glass, the composition will 
accordingly comprise those layer-forming constituents that melt below about 650 °C, 
and preferably melt in the range of from about 450 to about 600 °C, and can forni the 
required structures. 

[0052] A nanostmctured coating according to the invention can have a varying 
layer thickness. Preferably, the layer thickness is in the range of from about 5 nm to 
1000 nm. If the coating additionally includes the larger particles (to form the microscale 



16 



overstructure), the maximum height of the layer higher Alternatively, a substrate 
already coated with a composition that forms a micro rough surface structure, preferably 
includes a coating using only nanoscale particles having a particle diameter of less than 
100 nm, preferably less than 50 nm. After the nanoscale coating is applied the 
substrate can be baked and hydrophobized. 

[0053] After the formation of the structured surface, the hydrophobization stage 
follows: 

[0054] The hydrophobization can be carried out by application of a hydrophobic 
lacquer or by polymerization of monomers on the micro rough surface. Suitable 
polymeric lacquers are solutions or dispersions of e.g. polyvinylldene fluoride. A 
hydrophobization can also be carried out by plasma polymerization of completely or 
partly fluorinated vinyl compounds. 

[0055] The hydrophobization is carried out using reactive alkyi or, preferably, 
fluoroalkylsilanes and oligomeric alky! or fluoroalkylsiloxanes. The silanes or siloxanes 
preferably contain one or more alkoxy or acetyl groups, such as ethoxy groups, as the 
reactive group. Crosslinking of the hydrophobizing agent and also chemical bonding 
thereof to a silicatic surface containing sllanol groups is possible by means of these 
functional groups. Preferable sllanizing agents include tridecafluorooctyltriethoxysilane 
and oligomers thereof. Such products can be applied to the surface to be 
hydrophobized by, for example, dipping, spraying or bmshing in or with a dilute organic 
solution, preferably an alcoholic solution, or an aqueous organic solution or an aqueous 
solution. 
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[0056] After applying a solution that includes a fluorine containing silane or 
siloxane to the substrate, the substrate is dried and cured. The drying and curing is 
preferably at a temperature of up to about 500 °C. The dry or cure time is, for example, 
30 to about 60 min at about 150 °C, 10 to 15 min at 250 to 300 ^'C, and about 1 minute 
at about 500 °C. The optimum heat treatment to elicit the highest abrasion resistance is 
at a temperature in the range from 200 to 300 °C. 

[0057] Using dilute solutions of the silanes or siloxanes mentioned, layers a few 
nm thick that have a very high chemical and mechanical resistance and are 2 and 3 
dimensional siloxane networks are obtained. The hydrophobic layers accessible using 
reactive fluoroalkylsilanes or -siloxanes are distinguished by a similarly good 
hydrophobicity and oleophobicity, so that substrates according to the invention 
contaminated with hydrophobic dirt particles can also easily be cleaned with water. 
[0058] The invention also relates to the use of a substrate with a self-cleaning 
surface. Examples of such uses Include glass panes for vehicles and windows, 
construction glass, ceramic tiles, roof tiles, covers on photovoltaic solar cells, metal 
profiles and lacquered substrates, such as car lacquers. 

[0059] A particularly outstanding feature of substrates according to the invention 
is the transparency of the nanostructured coating. Transparent substrates of plastic and 
glass, and of glazed or enamelled substrates are suitable for use as a transparent 
coating and therefore useful for surfaces of substrates that are themselves transparent, 
or are decorated, and to thus reveal underlying decorations. Advantages of 
compositions according to the invention include easy accessibility and range of 
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composition variation. Tlie compositions are useful to coat diverse substrates and still 
produce good self-cleaning properties. 

[0060] The stages of the process according to the invention are based closely on 
those process stages such as are used, for example, for decoration purposes in the 
glass and ceramics industry, but are also conventional in the lacquering of metallic 
substrates with stoving lacquers. The devices and technologies known to the expert 
can therefore be used. 

EXAMPLES 

[0061] EXAMPLE 1 - Production of float glass or high grade steel with a 
transparent self-cleaning surface. 

[0062] A 4 millimeter (mm) float glass was coated with a composition according 
to the invention by means of a screen printing process. The composition included 0,5 
wt.% boric acid (B2O3) and 4 wt.% pyrogenic silica in a screen printing medium (no. 
80858, commercially available from dmc^ AG (Gennany)). The printing medium was a 
water friendly medium. The pyrogenic silica had an average diameter of the primary 
particles of 12 nm. The screen printing was carried out using a 100 T screen. After 
drying, the coating was shock fired at 660 °C in the course of 4 min. The 
hydrophobization of the structured stoved surface was carried out using a 
fluoroalkylsilane formulation, that is to say an ethanolic solution of 
tridecafluorooctyltriethoxysilane. The solution was introduced over the surface, and 
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curing was then carried out at elevated temperature. The float glass coated In this way 
was transparent and had a contact angle of above 150°. 

[0063] EXAMPLE 2 - Production of float glass or high grade steel with a 
transparent self-cleaning surface. 

[0064] The method used was the same as described in EXAMPLE 1 , except that 
the composition comprised 0.5 wt.% diammonlum hydrogen phosphate ((NH)2HP04) 
instead of boric acid as the layer forming material. After the hydrophobization, the glass 
coating showed outstanding self-cleaning properties. 

[0065] It is assumed that during firing vitreous structures with the structural 
element Si-O-B or Si-O-P or metal-O-P form between the boric acid or the phosphate 
and reactive centres of the glass or metal and the structure forming silica particles. 
[0066] EXAMPLE 3 - Production of a metal substrate having a self-cleaning 
surface. 

[0067] The substrate was degreased V4A high grade steel. A composition with 4 
wt.% pyrogenic silica (having a diameter of 12 nm) and diammonium hydrogen 
phosphate in an amount of (a) 0.25 wt.%, (b) 0.5 wt.% and (c) 1.0 wt.% in screen 
printing medium 80858 was used for the coating. After coating by means of screen 
printing, firing was carried out for 6 minutes at 660 °C. A scratch resistant self-cleaning 
surface was obtained in EXAMPLES 1-3. 
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